Objectives: When we perform chest compression on a patient on a bed, the mattress and bed frame can be depressed together with the patient's chest. This study was conducted to assess whether bed frame deflection occurred during chest compressions. Methods: We designed a firm bed ("bed like the ground," BLG) to assess the bed frame deflection in the Stryker Trauma Stretcher (STS) and the ER stretcher cart (ER-SC). The STS included a soft mattress and the ER-SC a hard mattress. We performed 50 continuous chest compressions on the Resusci Anne Skill Reporter with CPRmeter in each experiment. The experiments were done in four settings. Test 1 included the BLG; test 2 included a mattress and backboard on each bed; test 3 included the mattress of each bed and a backboard on the BLG; and test 4 included the mattress of each bed on the BLG. We calculated the mattress and bed frame deflections using the gaps of compression depths between the values measured by Resusci Anne and CPRmeter. Results: The mattress deflections of the STS and ER-SC mattress were determined to be 11.2 and 0.67 mm, respectively. The bed frame deflection for the STS and ER-SC were 0.95 and 5.17 mm, respectively. Conclusion: The study confirms that bed frame deflection will occur when we perform chest compressions on the manikin lying on a bed. Additionally, the bed frame deflections differ depending on the type of bed. (Hong Kong j.emerg.med. 2016;23:35-41) "
Introduction
Several studies have reported that when a rescuer performed chest compressions on a patient on a bed, the mattress of the bed could be depressed together with the patient's chest and this mattress deflection could be decreased somewhat using a backboard. [1] [2] [3] [4] [5] [6] [7] However, mattress deflection could not be removed completely even using a backboard. 1, 3, 4, 6 The mattress deflection could decrease chest compression depth and induce overestimation of the compression depth when we use the accelerometer feedback devices. 5, 7, 8 If then, will only the mattress deflection occur when we perform chest compression on a bed?
Many rescuers with much experience of performing cardiopulmonary resuscitation (CPR) reported that they felt the bed was shaking when they performed chest compressions on a patient. Sainio et al 2 also indicated the bed frame deflection in their recent study. However, they reported only the sum of the mattress and bed frame deflection. If the bed frame deflection might occur really during CPR, it might decrease the compression depth similarly with mattress deflection.
We hypothesised that when performing chest compressions on a patient on a bed, bed frame deflection may occur along with mattress deflection. We designed a firm bed ("bed like the ground," BLG) to confirm whether the bed frame deflections would occur or not in different beds that are used in our emergency room. The Resusci Anne SkillReporter measured chest compression depth from fixed sensors within the manikin. Therefore the compression depth measured by the Resusci Anne SkillReporter could not be affected by the mattress and bed frame deflections. However, the CPRmeter used accelerometer for measuring chest compression depth. As a result, the amounts of mattress and bed frame deflection would be added to the compression depth measured by the CPRmeter.
Methods

Setting and design
Therefore the data from the Resusci Anne SkillReporter were considered to reflect actual chest compression depths. We suspected that the values of the mattress and bed frame deflection were 'added' to the chest compression depths in the data from the CPRmeter. Thus, we calculated the values of the mattress and bed frame deflection using the differences between the data from the Resusci Anne SkillReporter and the CPRmeter.
We selected the Stryker Trauma Stretcher (STS; Stryker Medical, Portage, MI, USA) and the emergency room stretcher cart SK-180 (ER-ST; Hanlim Medical Equipment, Gyeonggi-do, Korea) from the beds used in our ER to check their values of mattress and bed frame deflection. We used the mattresses supplied with the beds by the manufacturers. The STS came with a relatively soft mattress (9 cm thick) and the ER-SC with a relatively hard mattress (5 cm thick).
We made a firm bed ("bed like the ground," BLG) to assess bed frame deflection in comparison with the STS and ER-SC. The BLG was made of plywood plate and measured 50 cm wide × 60 cm long × 70 cm high, with a partition wall on the inside to prevent shaking from external impact ( Figure 1 ). The heights of the beds were adjusted to 70 cm during the experiments. Additionally, a 25-cm height step stool was used in all experiments. A backboard (55 cm wide × 42 cm long × 1.5 cm high) was also used to decrease the mattress deflection.
The experiments were conducted using four settings. Test 1 included the BLG with no mattress to compare the measurement values between the Resusci Anne SkillReporter and CPRmeter (so, removal of any effect of mattress and bed frame deflection). Because the CPRmeter reported compression depths significantly lower than the Resusci Anne SkillReporter in a previous study, 9 this setting was designed to correct the values of compression depth from the CPRmeter in the other experiments. Test 2 included the mattress and backboard on each bed (so, decreased mattress deflection / bed frame deflection), Test 3 included the mattress of each bed and the backboard on the BLG (so, decreased mattress deflection / removal of bed frame deflection), and Test 4 included the mattress of each bed on the BLG (so, mattress deflection occurred / removal of bed frame deflection).
A single rescuer who was American Heart Association Basic Life Support certified performed 50 chest compressions in each setting. Visual feedback from the CPRmeter was used to maintain equal compression quality (chest compression depth at least 5 cm, complete recoil and compression rate at least 100 min -1 but not to exceed 120 min -1 ). 10
Calculation of mattress and bed frame deflection
First, the differences in compression depths between the Resusci Anne (A) and the CPRmeter (B) in all tests were calculated (A-B). Next, the gap in test 1 was subtracted from the gaps of all tests to correct the values from the CPRmeter. We regarded these calculated gaps as the 'corrected' gaps. The corrected gap of test 4 was considered to be the mattress deflection and the corrected gap of test 3 was regarded as the reduction in mattress deflection due to the backboard. The bed frame deflection was calculated by subtracting the corrected gap of test 2 from that of test 3.
Statistical analysis
We compared the compression depths from the Resusci Anne and the CPRmeter in each test. Statistical evaluations were performed using the PASW Statistics software (ver. 18.0; SPSS, Inc., Chicago, IL, USA). Data are presented as means with standard deviations (SD). Compression depth data were analysed using a Shapiro-Wilk test to verify a normal distribution. For data with a normal distribution, a two-sided paired t-test was used; otherwise, a Wilcoxon signed-rank test was used. A p value of <0.05 was considered to indicate statistical significance.
Results
The results of the tests are shown in Tables 1 and 2 . Adequate depth, complete recoil, and adequate rate were rated 100% in all tests, because the rescuer performed the chest compressions with visual feedback from the CPRmeter. Also, the compression rates were maintained at 100-120 min -1 in all tests.
The compression depth measured by the CPRmeter was significantly lower than the Resusci Anne values (p=0.002). We considered this finding to be the result of the mechanical characteristics of the CPRmeter and used this result to correct the gap in other tests.
The STS (soft) mattress was compressed significantly, 11.2 mm (p<0.001). The mattress deflection of the STS mattress was decreased by as much as 6.62 mm using a backboard, but it was still compressed significantly, 4.58 mm (p<0.001). The bed frame deflection of the STS was calculated to be 0.95 mm.
The ER-SC (hard) mattress was compressed slightly, 0.67 mm (p=0.134). However, the bed frame deflection of the ER-SC was calculated to be 5.17 mm, considerably higher than that of the STS. 
Discussion
The current CPR guidelines recommend that CPR be performed on a firm surface when possible. 11 However, the benefits of moving a patient from a bed to the floor to perform CPR have not been evaluated. 11 Indeed, considering that airway management, i n t r a v e n o u s a c c e s s , m o n i t o r i n g , a n d d r u g administration may be needed during in-hospital CPR, moving the patient from a bed to the floor simply to achieve high-quality chest compressions might not be effective and may be associated with high risks. So, is it possible to provide the same circumstances as on the floor to a patient on a bed?
The conditions of a patient on a bed and on the floor differ in two major ways. First, the rescuer performs CPR in a standing position because the patient is positioned higher than the floor. Indeed, the heights of beds may be different from the height of the rescuer's knee. Such differences may affect the quality of the chest compressions. 12 Second, beds do not support the patient firmly, as does the floor. Thus, beds may wobble when the rescuer performs chest compressions. Also, if a mattress is present on the bed, then mattress deflection will also occur and decrease the quality of chest compression. 5, 7 Mattress deflection can be reduced using a backboard, as reported by previous studies. 1, 3, 4, 6 However, no h u m a n s t u d y h a s b e e n c o n d u c t e d , a n d t h e improvement in compression depth using a backboard was only a few millimetres. Therefore, the current CPR guidelines state that the evidence for the use of a backboard during CPR is insufficient. 11 We suggest that other effects besides mattress deflection may influence the quality of chest compression, based on the subjective experience of beds wobbling when performing chest compressions. To address this, we designed and tested a firm bed that could support the manikin as strongly as on the ground. Moreover, we focused on bed frame deflection based on the recent paper by Sainio et al 2 Specifically, Sainio et al 2 reported that the mattress and the bed frame were compressed together. However, they did not measure the bed frame deflection objectively.
This study confirmed the existence of the bed frame deflection during chest compressions for the first time. The bed frame deflection has two clinical significances. First, the bed frame deflection might decrease the qualities of CPR by increasing rescuer's workload like mattress deflection. 6 If the bed frame deflection would be expected to be large (such as ER-ST in this study), the performance of CPR might be deteriorated. Therefore the bed with small bed frame deflection might be appropriate when the patient would be expected to need CPR. Second, the accelerometer compression feedback devices could overestimate chest compression depth when the CPR was performed on a bed. 8 The overestimation of the compression depth was thought to be caused by the mattress deflection. However, the bed frame deflection also could contribute to the overestimation. If the bed frame deflection would be large, the overestimation would be large too. Considering that the lightweight rescuers could not perform high-quality chest compression despite the use of feedback device, 13 large amount of bed frame deflection might deteriorate the quality of chest compression when the lightweight rescuers per form chest compression according to the accelerometer feedback device.
We defined the cushioning effects as the sum total of the deflections generated during chest compression with a patient on a bed and hypothesised that the cushioning effects consisted of the mattress deflection and the bed frame deflection. The mattress deflection of the soft mattress was higher than that of the hard mattress and was reduced, but not removed completely, using a backboard.
We propose that the cushioning effects should be removed completely during in-hospital CPR to enhance the quality of chest compression, based on the results of previous studies and our work ( Figure  2 ). 2, [5] [6] [7] 14 Removal of cushioning effects would facilitate transmission of the rescuer's power during chest compression to the patient's chest wall, and so the quality of the chest compressions would to be improved, at least theoretically. 6 To remove the cushioning effect, the mattress and bed frame deflection should be removed completely. Because use of a backboard does not completely abrogate mattress deflection, the mattress should be removed.
Additionally, a new design for the bed frame is needed to remove bed frame deflection. The characteristics of a bed needed in the ER, such as mobility and light weight, may not be important to the quality of CPR. However, the need for a specialised bed for CPR should be considered to maximise the quality of chest compressions. If the specialised bed cannot be used immediately, the degree of the cushioning effect in the beds used in the ER or intensive care units should be determined. Additionally, the manufacturers of beds and mattresses should provide information regarding the degree of cushioning effects in their products using a standardised method and make efforts to minimise them during development of new products.
However we should also consider the possibilities of adverse effects if we will remove the cushioning effects of the bed completely. Removal of the cushioning effects might cause injuries to the patients such as abrasion, pressure sore and etc. If we will use the specialised bed that the cushioning effect is completely removed during CPR, we should provide soft surface to the patient immediately after CPR. The method proposed by Oh et al 14 will be an alternative. If we will use the BLG with the method proposed by Oh et al, 14 the possibilities of adverse effects could be minimised. In addition, considering our results, the use of STS bed frame with the hard type mattress of the ER-SC would be better choice for the CPR.
This study had several limitations. First, we performed the experiments with a single rescuer and the tests were guided with visual feedback from the CPRmeter to remove human factors as far as possible. However, the human factors could not be removed completely because a rescuer performed the chest compressions. A human cannot press the chest of the manikin using identical power for each compression. Thus, comparisons of data that were not measured simultaneously could include errors and the calculated values, such as the mattress and bed frame deflections, might not be accurate. Additionally, our experiments were performed with a manikin. Thus, the same amount of deflection might not occur during CPR performed in the real world. For precise measurement of the cushioning effects of each bed, chest compressions should be performed with a standardised power using a compression machine. Second, although the mean compression depth value of test 1 (to remove cushioning effects) was the highest setting, we could not confirm that the settings of test 1 were the optimal conditions for chest compression. To demonstrate that, a performance study including a large number of participants would be needed. Third, because the range of error in the compression depths measured by CPRmeter was 10%, the calculated values may also include errors. Fourth, we regarded bed frame The highest values were measured by the CPRmeter (values corrected using the difference between the values measured in test 1) and the lowest values were measured by the Resusci Anne for each setting. The difference between the highest and lowest values is indicated by the bar, which shows the total cushioning effect (mattress deflection plus bed frame deflection). The highest and lowest values differed significantly for all settings. *P<0.01; **P<0.05.
deflection as occurring only in a vertical direction. However, other movements, including in the horizontal direction and vibration, may also be included in the bed frame deflection. These various movements should be examined in future studies.
Conclusion
We confirm that bed frame deflection occurs during performance of chest compressions on a manikin situated on a bed. Additionally, the bed frame deflections differ depending on the types of bed.
Considering that the bed frame deflection may decrease the qualities of CPR by increasing rescuer's workload like mattress deflection, the bed with small bed frame deflection may be appropriate when the patient is expected to need CPR.
